We designed an educational software package, RELAX, for teaching first-year anesthesiology residents about the pharmacology and clinical management of neuromuscular blockade. The software uses an interactive, problembased approach and moves the user through cases in an operating room environment. It can be run on personal computers with Microsoft WindowsTM (Microsoft Corp., Redmond, WA) and combines video, graphics, and text with mouse-driven user input. We utilized test scores 1) to determine whether our software was beneficial to the educational progress of anesthesiology residents and 2) to compare computer-based learning with textbook leaming. Twenty-three residents were divided into two groups matched for age and sex, and a pretest was administered to all 23 residents. There was no significant difference (P > 0.05) in the pretest scores of the two groups. Three weeks later, both groups were subjected to an educational intervention: one with our computer software and the other with selected textbooks. Both groups took a posttest immediately after the intervention. The test scores of the computer group improved significantly more (P < 0.05) than those of the textbook group. Although prior to the study the two groups showed no statistical difference in their familiarity with computers, the computer group reported much higher satisfaction with their learning experience than did the textbook group (P < 0.0001).
to all 23 residents. There was no significant difference (P > 0.05) in the pretest scores of the two groups. Three weeks later, both groups were subjected to an educational intervention: one with our computer software and the other with selected textbooks. Both groups took a posttest immediately after the intervention. The test scores of the computer group improved significantly more (P < 0.05) than those of the textbook group. Although prior to the study the two groups showed no statistical difference in their familiarity with computers, the computer group reported much higher satisfaction with their learning experience than did the textbook group (P < 0.0001). (Anesth Analg 1997; 84:657-61) 0 ver the past two decades, medical professionals have witnessed an "information explosion," and many medical educators and students feel overwhelmed by the information overload (1). The use of computers as teaching aids has increased with improvements in technology and availability. In 1990, Schwid and O'Donnell (2) published a descriptive article of the Anesthesia Simulator Consultant (AneSoft, Bellevue, WA), a computer-based training device, but did not formally assess the potential educational benefit. In 1989, Garfield et al. (3) described Gas Man (Medman Simulations, Chestnut Hill, MA): a commercially available computer software program for teaching pharmacokinetics of inhaled anesthetics. These authors showed that anesthesiology residents tested on uptake and distribution improved their test scores after exposure to the Gas Man software. Unfortunately, the lack of a cohort group precluded comparison with other learning experiences (3). No study in anesthesiology has compared computer-based learning with traditional methods, such as textbooks. In other disciplines in which these comparisons have 1.
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What is the baseline level of knowledge regarding neuromuscular blockade among first-year anesthesia residents? After using our computer-based program, RE-LAX, is there a significant improvement over the baseline level? Is there a significant difference in test scores after using the RELAX software compared with reading traditional paper media? Do anesthesiology residents enjoy computerbased learning? How does satisfaction with computer-based learning compare with traditional textbook learning?
Methods
Jevelopment of the Software
Six anesthesiology faculty at our institution defined the important concepts or knowledge base required for the administration and monitoring of neuromuscular blockade. These learning objectives were It is interactive, allowing mouse-driven user input, and maintains interest using a case-based approach ( Fig. 1 [top] ). Pop-up boxes containing questions guide users through the program based on their present knowledge ( Fig. 1 [middle] ). This approach allows the more knowledgeable user to progress through the program rapidly; if a user answers a question incorrectly, then further information is presented.
This additional information, however, can also be selected by choosing the MORE INFO button from the menu (Fig. 1 [bottom] ). The clinical content of the program was obtained from a review of 7 textbooks and 19 journal articles published between 1984 and 1994 (Appendix A).
Educational Evaluation cf the Softwave
To create a pre-and posttest to evaluate residents' knowledge of neuromuscular blockade, anesthesiology faculty at our institution collected 30 questions from published review guides commonly used by anesthesiologists preparing for the American Board of Anesthesiology examination (Appendix A). These questions were written to have a single best answer. Content validity of the 30-question pre-and posttest was assessed by anesthesiology faculty not involved with the creation of the software and having an average of 10 yr of experience in educating residents and medical students; they were asked to review questions for content accuracy, appropriate wording, and consistency between pre-and posttest content. The preand posttests were then revised to incorporate faculty critiques. For additional review, the pretest was administered to 14 third-year residents completing their last month of training; their mean score was 77% with a SD of 9.4%.
To evaluate the reliability of the test, we administered the pretest to 23 first-year residents during their second week of residency. The Spearman-Brown prophecy formula (6) was employed to transform the split-half correlation into an appropriate reliability estimate for the entire test. In this formula, a value of 1 TRADITIONAL TEXTBOOK VS COMPUTER-BASED LEARNING is ideal, but for research purposes, values of 0.5 and higher are considered acceptable. To compare our educational software with traditional teaching methods, residents during their fifth week of training were relieved from clinical duties in 2-h blocks so that four residents (two assigned to each group) could be at the testing/study site. All residents were observed by one of the authors for a 1.5-h block of study time. The residents were divided into two groups, computer or textbook, matched for sex and age. The residents assigned to the textbook group (M = 11) spent their time with four book chapters and one book, published between 1985 and 1994 (Appendix A), which dealt with neuromuscular blockade. The residents assigned to the computer group (n = 12) spent their time using the RELAX computer software program. The literature used by the textbook group represents the information that is traditionally available to residents at our institution. Both groups were asked to spend their time as effectively as possible and were told that they would take a posttest. Each resident was unaware into which educational group he/she would be placed until he/she arrived at the study/testing site. The posttest was completed by residents immediately after their 1.5-h block of study time; they were given 30 min to complete the test, which was similar in content to the pretest. Each resident completed a questionnaire ranking their prior experience level with computers, ranked their enjoyment of the educational experience, and ranked the quantity of information learned with either the computer or texts. To evaluate whether one group learned more than the other, an analysis of covariance (ANCOVA) was calculated, thereby correcting for each resident's individual baseline level of knowledge.
Results
The pre-and posttests were evaluated using the Spearman-Brown correction of the odd-even split-half reliability coefficient, which was found to be 0.58.
Both groups had improved scores on the posttest (Table 1 ). The test score data were found to be normally distributed by means of the Shapiro-Wilk test for normality, and the ANCOVA was performed on these data. The improvement in test scores was significantly greater for the computer group than for the textbook group (F = 5.54, df = %a, P < 0.05).
Using the nonparametric Mann-Whitney twosample test, the two groups were found not to be significantly different in their prior experience with computers; however, differences ,in the enjoyment and quantity learned rankings of the two groups were found to be significant at P < 0.0001 in favor of the computer program. 
Discussion
Our RELAX software received positive feedback, and overall satisfaction rankings by the computer group were significantly higher than the textbook group. To equally distribute characteristics (female gender and increased age) that have been associated with unfavorable attitudes or performance with computers, we matched the two groups based on age and sex. The age distribution was difficult to make equivalent because one resident was significantly older than the others; this 50-year-old was deliberately placed in the computer group to make the bias for the computer group tend toward a less favorable outcome. Because the statistical method we used, the AN-COVA, considers each individual subject as his/her own control, preexisting differences in the knowledge base should have little effect on the test score improvements in our study. The computer group improved their test scores significantly more than the textbook group. Although every effort was made to ensure that both groups had access to material with similar educational content, each resident could not have studied all of the reading materials provided. However, the study was designed specifically to compare a new computer-based learning method with the reading material that is traditionally provided to our residents. This time constraint element of the design may merely have selected for one advantage of computer software over traditional texts: computer-based learning may be more efficient for the user.
Completing the pretest probably improved posttest scores. However, this effect is generally assumed to be the same for both groups. In an effort to minimize this pretest effect, the pretest and posttest were given three weeks apart. Undoubtedly, the intervening three ANALG 1997; 84:657-61 weeks of residency training had an effect on the posttest scores, but, again, this effect should have been the same for both groups. Some residents may have read about neuromuscular blockade in texts at home, but this effect would be the same for both groups. One of the interactive aspects of our software design is to have the users answer questions to test their learning as they progress through the program. Although the computer questions were not tailored to the pretest or posttest questions, as these were obtained from a separate source, there could be some bias in that the computer group may have been more prepared to answer questions. The authors view this potential bias as a strength of interactive learning, which we incorporated into our computer-based program. Certainly, the textbook group could have completed a similar set of questions, but then that group would not represent traditional textbook learning, but rather a more interactive type of learning. Although both groups of residents were observed during the educational time, they were not prompted to go through the program in a certain pathway or to read rather than sleep, which one fatigued resident decided to do.
Our study was created specifically to test the immediate short-term educational impact of computerbased learning and to compare user satisfaction of computer-based learning with traditional textbook learning. The study was not designed to test the possible differences in the long-term educational impact or retention of material. An interesting question that remains to be answered is whether residents would choose to use a computer-based program over textbooks if given equal access to both. It is appropriate to point out that there are factors other than test scores and satisfaction rankings to take into account when comparing computer-based learning with textbook learning. For example, to run a software package requires access to relatively expensive equipment; computers, for the most part, are not as portable as textbooks, and creating an interactive computer program is a time-consuming process. A cost analysis of work hours was not a part of this study. It would be of interest, however, to perform such an analysis of the total cost of producing and utilizing a software package versus the total cost of producing and utilizing a comparable collection of textbooks.
Nonetheless, prompted by our positive study results and the enthusiasm of our residents, we have now created computer-based training stations. Each computer station consists of educational software developed in our own department, such as RELAX and TEECHER (7) 
